An adaptive transmission scheme, in which the work in [3] is extended to multiuser environment, is proposed for LDPC-coded MIMO-OFDMA cellular systems that employ FDD by considering active user selection and sub-channel power allocation. The performance of the proposed scheme is obtained from simulation and compared with that of the conventional scheme using mean SNR only. It is shown that the proposed scheme can provide up to 5.5 dB gain over the conventional scheme at the expense of only 6 more bits in feedback information. key words: adaptive transmission, MIMO, OFDMA 
Introduction
Recently, sub-carrier and power allocation algorithms for orthogonal frequency division multiple access (OFDMA) systems have been proposed, such as in [1] , [2] . Although these algorithms can exploit frequency selectivity as well as multiuser diversity, they are not suitable for cellular systems due to their computational complexity and large amount of feedback information. In [3] , a novel adaptive modulation and coding technique based on log-likelihood ratio (LLR) distribution was proposed for a multiple input multiple output (MIMO) OFDMA cellular systems that employ quadrature amplitude modulation (QAM) and low density parity check (LDPC) code. The LLR distribution was modeled as a Gaussian distribution so that its mean and standard deviation were used as the channel state information (CSI). The amount of feedback information required for this algorithm is comparable to those used in currently deployed cellular systems, such as cdma2000 1xEV-DO. Also, the computational complexity is greatly reduced since it does not require the sub-carrier (or band) allocation process. Although the frequency selectivity is not fully exploited, it was shown in [3] that 2-3 dB performance gain is obtained over the conventional system using the mean SNR only in single user case. In this letter, the work in [3] is extended to the multiuser case by considering active user selection and power allocation to multiple users.
System Model
A physical layer frame is comprised of a number of consecutive data slots, in which pilot symbols of each transmit an- tenna are well distributed over both the frequency-and the time-domain. Also, the number of sub-channels in a data slot is S and they are also well-distributed over a data slot. Figure 1 shows the system model considered in this letter. In the transmitter side, pilot symbols are transmitted with fixed power, P pilot . The channel is estimated from the received pilot symbols by the channel estimator at the receiver that employs N R receiving antennas. With the estimated channel, the channel state information (CSI) of each user is generated and sent to the transmitter. Based on each user's predetermined quality of service (QoS), the reported CSI, and the pre-determined required SNR table, active users are selected with corresponding MCS and transmit power (TP) by the MCS and TP selector. At the receiver side, the adaptively transmitted signal is demodulated by calculating the LLR from the received symbols and the estimated channel. Finally, the LDPC decoder extracts the transmitted information. Among the MCS options, there are two types of transmit antenna schemes: the transmit diversity (TD), such as the space time block code, and the spatial multiplexing (SM). To support them simultaneously, the CSI of the kth user is comprised of the mean and the normalized standard deviation (NSD) of the received SNRs in the TD scheme, and the NSD of the received SNRs in the SM scheme, i.e., 
Here, L is the number of symbols in a data slot, µ k,l is the SNR of the decision variable of the kth user for the TD scheme at the lth symbol location in a data slot, and ν k,l,i is the SNR of the ith spatial channel of the kth user for the SM scheme at the lth symbol location [3] . Note that we do not have to send the mean SNR of the SM scheme since it is given as m k,T D /N T .
The Proposed Adaptive Transmission Scheme
The CSI indicates the LLR distributions of the received symbols for the TD and the SM schemes when the TP is
be the required mean SNR and the required additional power when the NSD is α for the nth MCS option of the TD (SM) scheme, respectively. Then, the required TP of the kth user when the nth MCS option of the TD (SM) scheme is used,
, is obtained as
where i is either TD or SM. Note that, in the conventional scheme using the mean SNR only, we instead use
where S NR c n,i denotes the required SNR for the nth MCS option in the conventional scheme. For each user, the antenna scheme for each MCS option is selected to minimize the required TP and the required TP of the kth user for the nth MCS option, P k,n , is given by
Note that the additional gain achieved from the proposed adaptive antenna scheme selection is larger than that of the conventional scheme because the additional CSI, NSD, provides us with better understanding about a given channel. In [3] , it was reported that the proposed adaptive antenna scheme selection is beneficial while it is useless in the conventional scheme. Now, the optimal way to select active users and to allocate power to them for achieving maximum throughput at given total TP can be described as
Since it is not easy to solve (7), we adopt a separate active user selection and an iterative power allocation algorithm to find a sub-optimal solution of (7) as follows. Firstly, the total TP, P A , allowed to data channels is equally divided into all sub-channels. Then, the highest MCS option for each user with TP P S = P A /S is obtained as
where r(n) is the transmission rate of the nth MCS option. Then, the active user set {k * (s), s = 1, · · · , S } is selected as
end f or.
Finally, the power allocation and MCS selection among the selected users is performed as shown in Fig. 2 . The initial allocation is done with (8) and (9). At each iteration, the required amount of the additional power, P + (s), (amount of saved power, P − (s)) for increasing (decreasing) MCS option number of the user assigned to the sth sub-channel is calculated for all active users and the remaining power, P r , is calculated as
Then, the power allocation and MCS selection is modified if i) we can increase the total transmission rate with additional power smaller than the remaining power P r or ii) we can increase the remaining power while maintaining the total transmission rate. Note that the proposed algorithm is a modified version of the well known bit-loading algorithm in Fig. 2 The proposed power allocation and MCS selection algorithm. Fig. 3 The performance of the proposed scheme.
the following points: i) it can be applied to practical situations where the allowed transmission rates are not limited to equally spaced integers and ii) the initial allocation can reduce the number of iterations, especially for high SNR regime.
Numerical Results
The MCS options used in the simulation are the same to those in [3] . The transmission rate, r(n), is given as 0, 2.304, 3.072, 3.84, 4.608, and 5.376 Mbps for n=0,1,2,3,4 and 5, respectively. Figure 3 shows the performance of the proposed adaptive transmission scheme (denoted as Prop.) for N T = 2, N R = 2, and S = 12 when the total number of users, K, is 20 and 60, respectively. Here, the ITU-R pedestrian A channel is used and all users' average channel gains are assumed to be identical. The average E s /N 0 is the statistical average of the mean SNR when the TP is P S and the target packet error rate (PER) is set at 0.01. Also, 'VP' and 'FP' denote the proposed algorithm using the iterative algorithm in Fig. 2 and the fixed power allocation using (8) and (9) only, respectively. In addition, the performance of the conventional scheme using mean SNR only (denoted as Conv.) is provided for comparison. From the results, it is observed that i) performance is improved in all cases as the number of users increases due to the multiuser diversity as expected, ii) the proposed adaptive power allocation can improve the performance in all cases, especially for low SNR regime, and iii) the performance gain of the proposed scheme over the conventional scheme is 2.5-4.7 dB, 2.5-5.5 dB, 1.2-4.4 dB, and 0.8-5.0 dB for the cases of (K = 20, 'FP'), (K = 60, 'FP'), (K = 20, 'VP'), and (K = 60, 'VP'), respectively, at the expense of only 6 more bits in the feedback CSI.
Conclusion
In this letter, an efficient adaptive transmission scheme using QAM and LDPC code was proposed for multiuser MIMO-OFDMA systems that employ FDD. In the proposed scheme, the antenna scheme (TD or SM) for each MCS option is first selected and then active user set is determined assuming equally divided TP. Finally, the TP and the corresponding MCS option for the active users are selected by using the proposed iterative algorithm. The simulation results showed that the proposed scheme has performance gain over the conventional scheme using mean SNR only up to 5.5 dB. Also, the proposed adaptive power allocation can improve the performance, especially for low SNR regime. The additional CSI of the proposed scheme over currently deployed cellular systems such as cdma2000 1xEV-DO is only 6 more bits. Also, the computational complexity of the proposed scheme is not a burden because the antenna selection and the user selection are simple and the power allocation and MCS selection can be done within several iterations for most cases. In more realistic cellular environments with different path-loss and shadowing among users, we can modify the user selection criterion in (8) by replacing n(k) with n(k)/n a (k), where n a (k) is the average transmission rate of the kth user, as in the proportional fair algorithm [4] . Therefore, the proposed scheme is quite pragmatic and can be easily adopted to improve OFDMA cellular systems, such as IEEE802.16 [5] .
